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ABSTRACT 
 
Introduction: Considering that the research has shown that homosalate act as endocrine-active 
substance, it is very important to develop quick and sensitive method for tracking its concentrations in 
sunscreen products. The aim of this paper is to develop and validate the method for determining 
homosalate in sunscreen preparations and controlling the content of the products found on the market 
of Bosnia and Herzegovina.  
Methods: A high pressure liquid chromatography (HPLC) method for determination homosalate in 
sunscreen products has been developed and validated. Samples of six different manufacturers have been 
analyzed. HPLC method is method of choice for this type of investigation. 
Results: According to the calibration curve it has been found that the proposed analytical method in a 
given range of concentration is linear and that the correlation coefficient is R2=0.9998. Accuracy of the 
method is in range 94.26% -121.53%.The results have shown that the homosalate concentration in the 
tested samples did not exceed the maximally permissible concentration (10%). In the sample AV50 
homosalate was not declared as an active ingredient, but it was identified and quantified at a 
concentration of 0.143%. 
Conclusion: Results of investigation of cosmetic products that are widely present on the market show 
the need of developing a sufficiently sensitive, easily accessible, analytical method for controlling the 
content of organic UV filters since the exceeding of the maximally permissible concentration can have 
a harmful effect on people who use these kinds of products. The results show that developed method 
meets conditions and is suitable for wide application. 
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INTRODUCTION 
Sunscreen products are dermal application products designed to protect skin from UV radiation and 
the harmful effects it causes. They consist of various ingredients, of which the active components are 
UV filters. The active ingredients of sunscreen preparations are specially designed molecules, 
protective UV filters, which have the ability to absorb, reflect, or disperse radiation from the UV part 
of the spectrum. Increasing UV filter concentration in sunscreen products increases UV protection, but 
also increases their toxicity and decreases their cosmetic acceptability. An ideal sunscreen preparation 
must provide high protection that is equally effective against UVA and UVB radiation (1). UV filters 
can be divided according to working method, that is the mode of interaction with UV radiation 
photons. Based on this, they are divided into physical or mechanical UV filters and chemical UV 
filters or UV absorbers. Physical UV filters primarily reflect and disperse UV radiation, but also 
absorb certain amount of radiation. Chemical UV filters mainly absorb UV radiation that comes into 
contact with the skin (2). Cosmetic products containing these compounds are usually better accepted 
than those formulated with physical UV filters due to a more suitable application (3). 
Homosalate (HS) is a chemical UV filter that belongs to the group of salicylates. Salicylates are weak 
UV radiation absorbers, and are usually used in combination with other UV filters in order to increase 
protection (4). Therefore, homosalate is added to sunscreen products to increase the protection against 
UV radiation, but also to reduce the photodegradation of other ingredients in the preparation (5). 
Homosalate is a mixture of isomers, where one isomer is present to the larger extent than the other. 
There are two isomers of homosalate and usually used mixtures are: 15% of cis and 85% of trans form, 
as well as 40% of cis and 60% of trans form (6). Homosalate absorbs UVB radiation in wavelength 
range of280-315 nm (maximum absorption is at 306 nm). It is widely present as an active ingredient in 
sunscreen cosmetics, such as creams, gels, lotions, sprays and other dermal application cosmetic 
products. The maximum permitted concentration of homosalate in market products is regulated by law, 
up to 15% in the USA and Australia and up to 10% in the EU and Japan (7). In the last few years, studies 
have shown that some UV filters can alter endocrine signalling by mimicking or inhibiting the action of 
the hormones. Homosalate belongs to these UV filters that are classified as endocrine-active substances 
(8). Studies have also shown that the homosalate exhibits estrogenic and antiandrogenic activity. It is 
known that homosalate significantly increases the proliferation of MCF-7 breast cancer cells and the 
secretion of estrogen-regulated protein pS2, demonstrating in vitro evidence of estrogenic activity (9). 
Homosalate is a lipophilic substance (logPo/v = 5.94) that shows a high binding affinity for the lipid 
components of the skin layers. However, the amount of absorption depends on the amount of sunscreen 
applied to the skin and the concentration of homosalate in sunscreen. Since homosalate has the potential 
of dermal penetration with proven absorption through the skin (10) and excretion through breast milk 
(11), it is very important to develop an analytical method for monitoring the content of homosalate in 
commercially available sunscreen preparations. Control of cosmetic products in Bosnia and 
Herzegovina consists of controlling the content of heavy metals and its microbiological purity but should 
also include the control of the content of organic UV filters since the exceeding of the maximally 
permissible concentration can have a harmful effect on people who use these kinds of products (12).   
Methods suggested in recent literature request complex equipment that is not accessible to majority of 
laboratories (13). The aim of each analyst is to have simple, sensitive and accessible method for rapid 
determination of content of organic UV filters of sunscreen products available on the market.  High-
precision chromatography is the method of choice in this type of test.  
METHODS 
Standard, sample, chemical and reagents 
Homosalate standard (HS) was purchased from Merck (Germany). Samples were taken from products 
found widely in Bosnia and Herzegovina. All solvents were of an analytical grade. The chemicals and 
reagents used were acetonitril (HPLC grade: Sigma Aldrich, Germany), formic acid (Fisher Scientific, 
USA), polisorbat-80 (tween-80, Semikem, Bosnia and Herzegovina) and purified water for HPLC.  
Chromatographing condition 
Separation was performed using HPLC system (Shimadzu, Japan) and column Zorbax Eclipse XDB 
C18, 3.5 µm from Agilent (USA). Separation was performed using gradient chromatographing. The 
used mobile phases were: solution A (water +0.1% formic acid) and solution B (acetonitrile+1% 
formic acid). 306 nm wavelength was used. The program of performed gradient elution is shown in 
Table 1.  
Stock solution 
Stock homosalate solution was prepared by taking 100 μL of homosalate standard, transferred to a 10 
mL volumetric flask and filled with acetonitrile to the mark. The concentration of the prepared 
standard solution was 10.45 mg/mL 
Working solutions 
The working solution 1, in 2.09 mg/mL concentration used for the preparation of the samples by the 
standard addition method, was prepared by diluting the stock homosalate standard solution in 
acetonitrile with 1:4 ratio. Working solution 2, in 1 mg/mL concentration used to prepare the solution 
for the calibration curve, was prepared by taking 478 μL solutions of the stock homosalate standard 
and 522 μL of acetonitrile (total of 1 mL). The stock and working solutions were stored in amber vials, 
protected from light in the fridge on +4oC. 
Series of working solutions for calibration curve 
Series of working solutions for calibration curve were prepared by taking exact quantities of working 
solution 2 and diluting it in acetonitrile to a specific volume. Solutions series were prepared in 
concentrations as follow: 1 µg/mL, 5 µg/mL, 10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL, 
60 µg/mL, 75 µg/mL, 100 µg/mL, 150 µg/mL and, 200 µg/mL. 
Preparation of samples for HPLC analysis 
Samples for analysis were taken from six different manufacturers. Seven samples of sunscreen 
preparations with different SPF values were prepared for the analysis. All samples for the analysis 
were prepared by weighing 1 g of each sample directly into 100mL volumetric flask (sample A). 0.5 
mL of polysorbate-80 and 60 mL of acetonitrile were added to each flask. The solutions were mixed 
by magnetic mixer for 1 hour at 60 °C. After cooling, each solution was filled with acetonitrile to the 
mark. The solutions were filtered through a 0.45 μm pore size nonpolar filter. 1 mL of each sample 
filtrate were poured into 10 mL volumetric flask and filled with acetonitrile to the mark (sample 
B).490 μL of sample B were diluted with 10 μL of acetonitrile (total of 500 μL) (sample C). Samples 
with stock standard additive (spike samples) were prepared from 490 μL of working solution diluted 
with 10 μL of stock solution. The concentration of the stock solution additive was 0.0418 mg / mL. 
For analysis, 10 μL of sample C were injected into the HPLC system. Concentrations were read from 
the calibration curve, and the final concentration of the homosalate in the samples was calculated by 
the expression: 
g 1mL 1mL 0.49
mL 100mL 10mL 0.5
Cx


  
x- Final concentration of homosalate in samples (g/100 mL) 
C- Concentration of homosalate read from calibration curve (g/100mL) 
RESULTS 
Optimisation of chromatographingconditions 
The first step in the development of the analytical method for the identification and quantification of 
homosalate was to determine the maximum absorption of homosalate and the degree of purity of the 
homosalate standard. For this UV spectrum of homosalate was recorded in the wavelength range of 
200-600 nm (Figure 1A and 1B). 
After establishing the purity of the homosalate standard, the stationary and the mobile phase for 
identification and quantification of the homosalate was selected. For this purpose, a homosalate 
standard of concentration of10 μg /mL was used. The wavelength of the identification and 
quantification was 306 nm. Chromatography was performed on the stationary phase C18 with gradient 
elution with the mobile phase: solution A (water + 0.1% formic acid) and solution B (acetonitrile + 1% 
formic acid). 
Validation of HPLC method for identification and quantification of 
homosalate 
After optimization of the HPLC analytical method for identification and quantification of homosalate, 
the validation process was performed according to the ICH directives: Validation of Analytical 
Procedures: Text and Methodology, Q2 (R1) (12). The following parameters were validated: 
selectivity, range of linearity, accuracy, repeatability, precision, the limit of detection and the limit of 
quantification. All data were statistically processed by calculating the mean value, standard deviation 
(SD) and the coefficient of variation (CV).  
Selectivity of the analytical method 
The selectivity of the analytical method was tested by comparing the blank sample chromatogram 
(Figure 2A), the chromatogram of the homosalate standard (Figure 2B) and the chromatogram of the 
homosalate containing sample at 306 nm (Figure 2C). 
Repeatability and linearity of the analytical method 
Repeatability of the analytical method was done by recording each concentration of homosalate 
standard solutions prepared for calibration on the same day. Intermediate precision was determined by 
recording the selected concentrations after both 24 and 32 hours. Each concentration was recorded 
three times. The mean value for the areas below the signal (A1, A2, A3), standard deviation (SD) and 
the coefficient of variation (CV) for each concentration were calculated (Table 2). 
Also, repeatability (intermediate precision) was performed after 24 hours and 32 hours on the specific 
concentrations of homosalate standard (Table 3 and 4). 
Linearity 
The linearity of the analytical method is tested through a concentration range of 1-200 μg/mL of the 
homosalate standard. A calibration curve was constructed and the equation line was obtained that was 
used to read the concentration of the homosalate in the samples (Figure 3). 
Accuracy of the analytical method 
The accuracy of the analytical method was done using the standard addition method, that is, a well-
known concentration of homosalate standard (0.0418 mg/mL) was added to each sample. Tested 
samples do not have exact concentration of homosalate declared, so the accuracy was done as 
presented. The samples with unknown concentration of homosalate were recorded as well as the 
samples with well-known concentration of the added homosalate standard. The difference between 
AM ofthe areas of samples with well-known homosalate concentration (Pssu) and the area of samples 
without standard addition (Psu) made the area corresponding to the concentration of added homosalate. 
According to the established concentration, the accuracy of the analytical method was obtained for 
each tested sample and expressed as a recovery value (Table 5). 
Determination homosalate content in tested samples 
After validation the analytical method for identification and quantification of homosalate through the 
parameters of selectivity, linearity, repeatability, accuracy, limit of detection and limit of 
quantification, the determination of the homosalate content in the tested samples was initiated. 
Analysis was performed on six samples of sunscreen preparations available on the market of Bosnia 
and Herzegovina where homosalate content was declared and one sample in which homosalate was 
not declared as an active ingredient. Samples were recorded with developed method and 
chromatograms of samples were obtained (Figure 4A-G). Each sample was recorded three times. The 
surface of trans-HS isomers in samples were read, mean surface area, standard deviation (SD) and the 
coefficient of variation (CV) were calculated. Based on the arithmetic mean of areas of the trans-HS 
isomers, the concentrations of homosalate in all samples were read from the calibration curve. The 
final content of homosalate was calculated for all the tested samples (Table 6). 
DISCUSSION 
In order to optimize the analytical method, a spectrum of homosalate standard was recorded to 
determine the maximum absorption and its purity. The homosalate standard purity was not declared 
and it is known from the literature that is comes as a mixture of cis- and trans- isomers (5). It has been 
found that standard has the maximum absorption at 238 nm and 306 nm (Figure 1A and 1B). At a 
wavelength of 306 nm, the share of trans- isomers is 94.189% and the share ofcis isomer is 5.811%. 
The response of cis and trans- isomers was observed at wavelengths of 285 nm and 311 nm, in order to 
determine the purity of the response (signal-noise ratio). The purity of the response factor at the 
wavelengths used, or at any other two wavelengths, when it comes to geometric isomers, has to be 
similar. The ratio at 285 nm / 311 nm for cis-HS was 0.502, and for trans-HS 0.506. The same method 
was used to check the purity of each sample in order to determine whether an unknown analyte 
interacts with the target analyte. In the case of interaction, this ratio is significantly changed.  
From the chromatogram of the standard (Figure 2B), it has been found that cis-HS and trans-HS are 
well separated and have sharp peaks on the chromatogram. Retention time for cis-HS is 19.860 
minutes, and for trans-HS is 21.103 minutes. From the homosalate standard chromatogram it can be 
concluded that this method can be used in the process of identification and quantification of 
homosalate. On the basis of previous data about cis-HS and trans-HS isomers percentage ratio, it was 
decided to monitor trans-HS in order to determine homosalate content because trans-HS was present in 
a much higher percentage than cis-HS. On the chromatogram of the blank test (Figure 3) it is notable 
that there are no peaks at the retention times of the cis and transhomosalate isomers that would 
interfere with their peaks in the standard and sample during the analysis. In order to use the method for 
identifying and determining homosalate in the tested samples, the method was validated for 
selectivity, range of linearity, accuracy, repeatability, precision, the limit of detection and the limit of 
quantification. It has been found that the proposed HPLC method for the identification and 
quantification of homosalate is selective. From the intermedia precision, it is evident that the analytical 
method for identification and quantification of homosalate is reproducible after 24 h and 32 h as well 
(Tables 3 and 4). 
Based on the calibration curve (Figure 3), we have found that the proposed analytical method is linear 
in given range of the concentration and that the coefficient of correlation is R2=0.9998, which shows 
the exceptionally high linearity of the method. From the calibration curve, the values for the limit of 
detection (LD) and the limit of quantification (LQ) were calculated.  
For homosalate, these values are: LD = 0.01426385 μg/ml, LQ=0.04754616 μg/ml. 
The accuracy of the analytical method ranges from 94.26% -121.53% (Table 5), depending on the type 
of analyzed sample. After the method was validated, determination of the homosalate content in the 
tested samples was performed. On the basis of the obtained data (Table 6), it is visible that the 
concentrations of the homosalate in the tested samples: EU30; LP50; MB30; MZ15; NK50 and OS12 
do not exceed the maximally permissible concentration (10%). In the tested AV50 sample homosalate 
was not declared as an active ingredient, but during the analysis it was identified and quantified at a 
concentration of 0.143%. 
CONCLUSION 
Presented results show that the analytical method used enables identification and determination of 
homosalate in presence of other substances in sunscreen products. Advantage of this analytical method 
compared with homosalate identification data published in literature is the high sensitivity and low 
coefficient of variation that show good reproducibility of this method. Low CV, low detection and 
quantification limits enable accurate and reliable quantification of homosalate in cosmetic sunscreen 
products. In addition, it is the fact that sample preparation is simple and easy feasible despite the 
complex formulation of cosmetic products. The concentration of homosalate does not exceed the 
maximally allowed concentration in all tested samples. Homosalate, as the active ingredient, was not 
declared in the tested sample AV50, but it was identified and quantified with the method used. The 
data indicates the need for controllingthese types of products that are widely present at the market. In 
addition to the content of heavy metals and microbiological purity, the products control should also 
include the control of the content of organic UV filters directly responsible for the UV radiation 
protection level. 
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TABLES 
 
Table 1.The program of gradient elution 
Time (min) Solution B (%) Flow (ml/min) 
0.00 70 0.5 
0.1 70 0.5 
20 0 0.5 
25 0 0.5 
25.1 70 0.5 
30 70 0.5 
 
 
Table 2. Areas read from the homosalate standard chromatogram and calculated 
arithmetic mean value (AM), standard deviation (SD) and the coefficient of variation 
(CV) 
Concentrations 
µg/mL 
A1 A2 A3 AM SD CV% 
1 36,307 36,875 36,591 36,591.00 284.00 0.78% 
5 95,876 96,452 96,164 96,164.00 288.00 0.30% 
10 196,080 196,875 196,478 196,477.50 397.50 0.20% 
20 388,638 391,111 389,875 389,874.50 1,236.50 0.32% 
30 640,389 639,654 640,022 640,021.50 367.50 0.06% 
40 840,670 844,285 842,478 842,477.50 1,807.50 0.21% 
50 1,065,171 1,064,413 1,064,792 1,064,792.00 379.00 0.04% 
60 1,257,460 1,255,053 1,256,257 1,256,256.67 1,203.50 0.10% 
75 1,588,965 1,583,954 1,586,460 1,586,459.67 2,505.50 0.16% 
100 2,151,566 2,143,816 2,147,691 2,147,691.00 3,875.00 0.18% 
150 3,172,923 3,179,612 3,176,268 3,176,267.67 3,344.50 0.11% 
200 4,307,544 4,321,775 4,314,660 4,314,659.67 7,115.50 0.16% 
 
 
Table 3. Repeatability after 24 hours 
Concentrations 
µg/mL 
A1 A2 A3 AM SD CV% 
30 652,121 646,821 645,711 648,217.67 3,425.64 0.53% 
60 1,261,823 1,264,569 1,265,523 1,263,971.67 1,920.96 0.15% 
100 2,150,223 2,158,295 2,149,995 2,152,837.67 4,727.56 0.22% 
200 4,319,578 4,327,537 4,325,538 4,324,217.67 4,140.52 0.10% 
 
 
Table 4.Repeatability after 32 hours 
Concentrations 
µg/mL 
A1 A2 A3 AM SD CV% 
30 644,839 650,602 649,332 648,257.67 3,027.98 0.47% 
60 1,265,558 1,263,295 1,264,955 1,264,602.67 1,171.92 0.09% 
 
 
Table 5. Measured samples areas, calculated arithmetic mean, difference between 
areas, concentration and recovery 
Samples A1 A2 A3 AM Assu-Asu 
Concentr
ation 
R% 
AV50 13,556 13,661 14,562 13,926 
933,932 0.0442 105.74  AV50 
spiked 
946,652 947,392 949,531 947,858 
EU30 454,525 461,116 458,226 457,956 
927,104 0.0438 104.89 EU30 
spiked 
1,379,106 1,376,932 1,399,142 1,385,060 
LP50 897,733 897,430 901,268 898,810 
994,341 0.0469 112.2 LP50 
spiked 
1,894,154 1,889,545 1,895,754 1,893,151 
MB30 1,123,027 1,121,745 1,134,380 1,126,384 
974,731 0.0461 110.23 MB30 
spiked 
2,096,682 2,093,462 2,113,202 2,101,115 
M215 695,785 698,201 702,624 698,870 830,825 0.0394 94.26 
M215 
spiked 
1,524,949 1,525,329 1,538,807 1,529,695 
NK50 1,448,149 1,441,947 1,473,516 1,454,537 
1,075,943 0.0508 121.53 NK50 
spiked 
2,512,732 2,511,905 2,566,803 2,530,480 
OS12 721,312 724,157 735,117 726,862 
951,959 0.045 107.65 OS12 
spiked 1,675,529 1,677,777 1,683,157 1,678,821 
 
Assu - areas of sample with well-known homosalate concentration  
Asu -areas of samples without standard addition 
 
 
Table 6. Homosalate concentrations read from samples  
Samples AM Read g/ml Calculated content 
AV50 13,926 1.399 0.143% 
EU30 457,956 22.04 2.359% 
LP50 898,810 42.53 4.772% 
MB30 1,126,384 53.11 5.854%  
M215 698,870 33.24 3.133% 
NK50 1,454,537 68.36 8.310% 
OS12 726,862 34.54 3.720% 
 
  
FIGURES  
 
  
  
Figure 1. Determination the maximum absorption of homosalate and the degree of purity of the 
homosalate standard. UV spectrum of homosalate trans-isomer trans-HS (A) and cis-isomer cis-HS 
(B) were recorded at wavelength range of 200-600 nm. 
 
 
Figure 2. Selectivity of the analytical method was tested by comparing the blank sample 
chromatogram (A), the chromatogram of the homosalate standard (B) and the chromatogram of the 
homosalate containing sample at 306 nm (C). 
 
 
Figure 3. Calibration curve for homosalate. The linearity of the analytical method was tested through a 
concentration range of 1-200 μg/mL of the homosalate standard. 
 Figure 4. Analysis of six samples of sunscreen preparations available on the market of Bosnia and 
Herzegovina. Chromatogram of sample AV50 (A), sample EU30 (B), sample LP50 (C), sample MB30 
(D), sample MZ15 (E), sample NK50 (F), sample OS1 (G). 
